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Question #: 1 
1D: 55064 Which of the following organisms is NOT a common cause of bacterial meningitis? 
Corect 
© Flag au Select one: 


(sera rescesce Streptococcus pneumoniae % 


Haemophilus influenzae ® 


Bacteroides v 
fragilis 


Rose Wang (ID:113212) this answer is correct. This organism does not commonly 
cause bacterial meningitis. 


Neisseria meningitidis % 


| Correct} 
Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the pathophysiology and diagnosis of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS infection 
and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of bacterial 
meningitis involves bacterial invasion of the host and CNS through colonization of mucosal surfaces, bacterial 
multiplication with subsequent inflammation of the CNS, physiologic alterations due to progressive 
inflammation, and resulting neuronal damage. As the meninges become inflamed, the constituency of the 
cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically as markers of CNS 
infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens that 
colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria meningitidis, 
Haemophilus influenzae). Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, and immunocompromised patients. Group B streptococcus (also known 
as Streptococcus agalactiae) and Escherichia coli are the most common causes of bacterial meningitis in 
infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are the most common 
pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and altered 
mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, and severe 
headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered level of 
consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and poor feeding 
may be reported along with fever. In elderly patients, signs and symptoms may be absent or more subtle. 
Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also be seen with S. 
pneumoniae, Prompt recognition and early institution of therapy are essential for ensuring beneficial 
outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained from 
all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures and 
may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually > 100 x 1046/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 

For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, local 


Question #: 2 


1D: 55065 


Incorrect 


patterns ot antibiotic resistance, and the CSt penetration ot the drug. 
RATIONALE: 


Correct Answer: 
* Bacteroides fragilis - This organism does not commonly cause bacterial meningitis. 
Incorrect Answers: 
* Streptococcus pneumoniae - The most common causative pathogens that are involved in bacterial 


meningitis are the same pathogens that colonize the mucosal surface of the respiratory tract (i.e. 
Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus influenzae). 


Haemophilus influenzae - The most common causative pathogens that are involved in bacterial 
meningitis are the same pathogens that colonize the mucosal surface of the respiratory tract (i.e. 
Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus influenzae). 


Neisseria meningitidis - The most common causative pathogens that are involved in bacterial 
meningitis are the same pathogens that colonize the mucosal surface of the respiratory tract (ie. 
Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus influenzae). 


TAKEAWAY/KEY POINTS: 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens that 
colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria meningitidis, 
Haemophilus influenzae). 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin infect Dis. 2004;39(9):1267-84. 


[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, Talbert 
RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e New 
York, NY: McGraw-Hill. 


[B] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. | 
UpToDate. Waltham, MA.: UpToDate; 2019. 


[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed, UpToDate. 
Waltham, MA.: UpToDate; 2019. 


The correct answer is: Bacteroides fragilis 


: Calderwood SB, ed. 


In infants less than 1 month of age, the preferred empiric antimicrobial regimen for bacterial meningitis is: 


Select one: 
Ampicillin + cefotaxime ¥ 
Ceftriaxone x 
i Rose Wang (1D:113212) this answer is incorrect. Vancomycin is used to cover 
AEA penicillin-resistant Streptococcus pneumoniae and methicillin-resistant 
Staphylococcus aureus (MRSA). These organisms are not likely causes of meningitis 
in neonates. Cefotaxime is preferred over ceftriaxone in neonates due to the 


theoretical risk of displacement of bilirubin from albumin and possible subsequent 
hyperbilirubinemia. 


Acyclovir ® 
Ampicillin + ceftriaxone ® 


Marks for this submission: 0.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 


To understand the treatment of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS infection 
and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of bacterial 
meningitis involves bacterial invasion of the host and CNS through colonization of mucosal surfaces, bacterial 
multiplication with subsequent inflammation of the CNS, physiologic alterations due to progressive 
inflammation, and resulting neuronal damage. As the meninges become inflamed, the constituency of the 
cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically as markers of CNS 
infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens that 
colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria meningitidis, 
Haemophilus influenzae). Meningitis due to Listeria monocytogenes is more common in elderly patients, 
infants less than 1 month of age. patients with alcohol use disorder, and immunocompromised patients. 
Group B streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common 


ranecac af hartarial maninnitic in infante <1 manth af ana Gtanhulacacrie onidermidic and Ctanhulacaccie 


Pee pon sia iis 
aureus are the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) 
shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections, The most common symptoms of meningitis include the triad of fever, stiff neck, and altered 
mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, and severe 
headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered level of 
consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and poor feeding 
may be reported along with fever. In elderly patients, signs and symptoms may be absent or more subtle. 
Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also be seen with S. 
pneumoniae, Prompt recognition and early institution of therapy are essential for ensuring beneficial 
outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained from 
all patients. Approximately 50-90% of patients with bacterial meningitis have positive blood cultures and may 
be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with bacterial 
meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 1046/L) with a predominance 
of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients over 2 months of 
age), and normal or elevated CSF protein. In some cases, neuroimaging with computed tomography (CT) 
scan or magnetic resonance imaging (MRI) of the head should be done before an LP for patients with cl 
signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


ical 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality, The empiric antibiotic regimen depends on the likely pathogen, local 
patterns of antibiotic resistance, and the CSF penetration of the drug. In infants less than 1 month of age, 
bacterial meningitis is treated empirically with a combination of ampicillin and cefotaxime. These agents 
provide adequate coverage for the most common causes of bacterial meningitis in neonates (i.e. Group B 
streptococcus, Escherichia coli, Listeria monocytogenes). Cefotaxime is preferred over ceftriaxone in neonates 
due to the theoretical risk of displacement of bilirubin from albumin and possible subsequent 
hyperbilirubinemia. Vancomycin is generally not used in neonates because penicillin-resistant Streptococcus 
pneumoniae and methicillin-resistant Staphylococcus aureus (MRSA) are not likely causes of meningitis in 
neonates. 


RATIONALE: 


Correct Answer: 


+ Ampicillin + cefotaxime - Group 8 streptococcus (also known as Streptococcus agalactiae) and 
Escherichia coli are the most common causes of bacterial meningitis in infants <1 month of age. 
Listeria monocytogenes can also cause bacterial meningitis in neonates. The combination of ampicillin 
and cefotaxime would provide adequate coverage for the aforementioned organisms. 


Incorrect Answers: 


* Ceftriaxone + vancomycin - Vancomycin is used to cover penicillin-resistant Streptococcus 
pneumoniae and methicillin-resistant Staphylococcus aureus (MRSA). These organisms are not likely 
causes of meningitis in neonates. Cefotaxime is preferred over ceftriaxone in neonates due to the 
theoretical risk of displacement of bilirubin from albumin and possible subsequent hyperbilirubinemia. 


* Acyclovir - Acyclovir can be given if viral meningitis is suspected. 


* Ampicillin + ceftriaxone - Cefotaxime is preferred over ceftriaxone in neonates due to the theoretical 
risk of displacement of bilirubin from albumin and possible subsequent hyperbilirubinemia. 


TAKEAWAY/KEY POINTS: 


In infants less than 1 month of age, bacterial meningitis is treated empirically with a combination of 
ampicillin and cefotaxime. These agents provide adequate coverage for the most common causes of bacterial 
meningitis in neonates (i.e. Group B streptococcus, Escherichia coli, Listeria monocytogenes). Cefotaxime is 
preferred over ceftriaxone in neonates due to the theoretical risk of displacement of bilirubin from albumin 
and possible subsequent hyperbilirubinemia. 


REFERENCE: 
[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84. 
[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, Talbert 
RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e New 
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Question #1 


1D: 55064 Which of the following organisms is NOT a common cause of bacterial meningitis? 


Correct 


Flag question Select one: 


Streptococcus pneumoniae % 


Haemophilus influenzae * 


Select one: 


Discontinue y 
vancomycin and 
continue ceftriaxone 


Rose Wang (ID: 113212) this answer is correct. Vancomycin does not 
have activity against gram-negative pathogens. Ceftriaxone alone is 
sufficient to cover N, meningitidis, 


Discontinue vancomycin and ceftriaxone, and start penicillin G % 
Discontinue vancomycin and ceftriaxone X% 


Continue vancomycin and ceftriaxone X 


| Correct] 
Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the management of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (e., Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these three 
organisms are the most common organisms that can cause meningitis, along with Escherichia coli. N. 
meningitidis can be easily distinguished from other organisms on gram stain as it is the only gram-negative 
diplococcus that commonly causes meningitis, Meningitis due to Listeria monocytogenes is more common 
in elderly patients, patients with alcohol use disorder, immunocompromised patients, and pregnant 
patients. Group B streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most 
common causes of bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and 
Staphylococcus aureus are the most common pathogens that cause meningitis associated with 
ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle, Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include cloudy or turbid CSF, elevated CSF white blood cell (WBC) count (usually > 100 
x 106/L) with a predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and 
<0.4 for patients over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging 
with computed tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done 
before an LP for patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain 
compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitidis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant $. pneumoniae. 


Once the results of the CSF gram stain, culture, and/or sensitivity become available, the antibiotic regimen 
should be reassessed and modified if necessary. For patients with meningococcal meningitis, penicillin G 
can be used in patients who have blood or CSF isolates of N. meningitidis with penicillin MIC <0.1 mg/L. 
Empirically, ceftriaxone should be used to cover N. meningitidis until antibiotic susceptibility results are 
available. 


RATIONALE: 


Question # 4 


1D: 55054 
Correct 


P Fiag question 


Correct Answer: 


* Discontinue vancomycin and continue ceftriaxone - Vancomycin does not have activity against 
gram-negative pathogens. Ceftriaxone alone is sufficient to cover N. meningitidis. 


Incorrect Answers: 


* Discontinue vancomycin and ceftriaxone, and start penicillin G - Penicillin G can be used for 
treatment of N. meningitidis isolates with a penicillin MIC <0.1 mg/L. However, because the 
antibiotic susceptibility results are still pending, ceftriaxone should be continued for now. 


* Discontinue vancomycin and ceftriaxone - This is not appropriate as the patient is growing N. 
meningitidis in her CSF culture. 


* Continue vancomycin and ceftriaxone - Vancomycin does not have activity against gram-negative 
pathogens. Ceftriaxone alone is sufficient to cover N. meningitidis. 


TAKEAWAY/KEY POINTS: 
For patients with meningococcal meningitis, penicillin G can be used in patients who have blood or CSF 
isolates of N. meningitidis with penicillin MIC <0.1 mg/L. Empirically, ceftriaxone should be used to cover N. 
meningitidis until antibiotic susceptibility results are available. 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84. 

[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 

[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 

[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Discontinue vancomycin and continue ceftriaxone 


Antibiotic susceptibilities for the N. meningitidis are available now and it is susceptible to penicillin 


with an MIC of <0.1 mg/L. 


What would be the most appropriate next step? 


Select one: 
Continue ceftriaxone and start penicillin G for a total duration of 10 days * 
Continue Ceftriaxone and start penicillin G for a total duration of 7 days * 
Discontinue ceftriaxone and start penicillin G for a total duration of 10 days * 


Discontinue ceftriaxone w 
and start penicillin G for 

a total duration of 7 

days 


Rose Wang (ID: 113212) this answer is correct. Ceftriaxone should be 
discontinued given that the pathogen 1s sensitive to penicillin. A 
treatment duration of 5 - 7 days is appropriate for meningococcal 
meningitis. 


| Correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the management of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
Constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
hacterial meninaitis in infants <1 month of aae. Stanhvlacoccus enidermidis and Stanhvlococcus aureus are 


Question # 5 


1D: 55066 
Correct 


Y Fag question 
= 


the most common pathogens that cause meningitis associated wi 


ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle. Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include cloudy or turbid CSF, elevated CSF white blood cell (WBC) count (usually > 100 
x 1046/1) with a predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and 
<0.4 for patients over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging 
with computed tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done 
before an LP for patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain 
compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitidis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant $. pneumoniae. 


Once the results of the CSF gram stain, culture, and/or sensitivity become available, the antibiotic regimen 
should be reassessed and modified if necessary. For patients with meningococcal meningitis, penicillin G 
can be used in patients who have blood or CSF isolates of N. meningitidis with penicillin MIC <0.1 mg/L. 
Empirically, ceftriaxone should be used to cover N. meningitidis until antibiotic susceptibility results are 
available. A treatment duration of 5 - 7 days is appropriate for meningococcal meningitis. 


RATIONALE: 


Correct Answer: 


* Discontinue ceftriaxone and start penicillin G for a total duration of 7 days - Ceftriaxone should 
be discontinued given that the pathogen is sensitive to penicillin. A treatment duration of 5 - 7 days 
is appropriate for meningococcal meningitis. 


Incorrect Answers: 


* Continue ceftriaxone and start penicillin G for a total duration of 10 days - Ceftriaxone should 
be discontinued given that the pathogen is sensitive to penicillin. A treatment duration of 5 - 7 days 
is appropriate for meningococcal meningitis. 


+ Continue ceftriaxone and start penicillin G for a total duration of 7 days - Ceftriaxone should be 
discontinued given that the pathogen is sensitive to penicillin. A treatment duration of 5 - 7 days is 
appropriate for meningococcal meningitis. 


* Discontinue ceftriaxone and start penicillin G for a total duration of 10 days - Ceftriaxone 
should be discontinued given that the pathogen is sensitive to penicillin. A treatment duration of 5 - 
7 days is appropriate for meningococcal meningitis. 


TAKEAWAY/KEY POINTS: 


For patients with meningococcal meningitis, penicillin G can be used in patients who have blood or CSF 
isolates of N. meningitidis with penicillin MIC <0.1 mg/L. Empirically, ceftriaxone should be used to cover N. 
meningitidis until antibiotic susceptibility results are available. A treatment duration of 5 - 7 days is 
appropriate for meningococcal meningitis. 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84, 

[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 

[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 

[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Discontinue ceftriaxone and start penicillin G for a total duration of 7 days 


A 34 year old female presents to the emergency department wth headache, fever, and confusion. 
Laboratory values are all within normal limits except for an elevated white blood cell (WBC) of 21 x 
1049/L. The patient has a history of dyslipidemia, but her past medical history is otherwise non- 
suspecting meningitis and a lumbar puncture (LP) has been done, but 


Send Feedback te resur are sun penuimny. 


Which of the following organisms is the most likely cause of meningitis in this patient? 


Select one: 
Listeria monocytogenes * 
Group B streptococcus * 
Staphylococcus aureus % 


Streptococcus ¥ 


pneumoniae Rose Wang (ID:113212) this answer is correct. Streptococcus pneumoniae is one 


of the most common cause of meningitis in adults of this age group. 


{correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the pathophysiology and diagnosis of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache, Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle. Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 10^6/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant S. pneumoniae. 


RATIONALE: 
Correct Answer: 


* Streptococcus pneumoniae - Streptococcus pneumoniae is one of the most common causes of 
meningitis in adults of this age group. 


Incorrect Answers: 


* Listeria monocytogenes - Meningitis due to Listeria monocytogenes is more common in elderly 
patients, patients with alcohol use disorder, immunocompromised patients, and pregnant patients. 


* Group B streptococcus - Group B streptococcus is one of the most common causes of bacterial 
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Meningitis ın intants <1 montn ot age. 


* Staphylococcus aureus - Staphylococcus aureus is one of the most common pathogens that causes 
meningitis associated with ventriculoperitoneal (VP) shunts. 


TAKEAWAY/KEY POINTS: 


The most common causative pathogens that are involved in bacterial meningitis are Streptococcus 
pneumoniae, Neisseria meningitidis, and Haemophilus influenzae. Meningitis due to Listeria monocytogenes 
is more common in elderly patients, patients with alcohol use disorder, immunocompromised patients, and 
pregnant patients. Group B streptococcus is a common cause of bacterial meningitis in infants <1 month of 
age, and Staphylococcus aureus is a common cause of meningitis associated with ventriculoperitoneal (VP) 
shunts. 
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[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 

[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 

[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Streptococcus pneumoniae 


Close contacts of meningitis patients should receive prophylaxis when the causative pathogen is: 


Select one: 


Haemophilus ¥ Sa 7 
NIET Rose Wang (ID:113212) this answer is correct. Post-exposure prophylaxis is 


recommended in close contacts of patients with meningitis caused by H. 
influenzae or N. meningitidis. 


Listeria monocytogenes % 
Staphylococcus aureus ® 


Streptococcus pneumoniae ® 


Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the management of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningitidis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours, The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle. Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
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susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 10^6/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitidis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant S. pneumoniae. 


Post-exposure prophylaxis is recommended in close contacts of patients with meningitis caused by H. 
influenzae or N. meningitidis. Close contacts are usually defined as household members, persons in the 
same daycare, dormitory, or military unit, or individuals directly exposed to the patient's oral secretions 
within 7 days of symptom onset. Prophylaxis should be started within 24 hours of identification of the index 
case. Chemoprophylaxis administered more than 14 days after exposure to the index case is probably of 
limited or no value and is not recommended. Rifampin is recommended for post-exposure prophylaxis in 
adult close contacts of patients with meningitis caused by H. influenzae or N. meningitidis. However, in 
pregnant patients, ceftriaxone is the drug of choice as rifampin has been shown to be teratogenic in 
laboratory animals. No chemoprophylaxis is required in close contacts of patients with meningitis caused 
by other organisms (e.g. Streptococcus pneumoniae). 


RATIONALE: 
Correct Answer: 


e Haemophilus influenzae - Post-exposure prophylaxis is recommended in close contacts of patients 
with meningitis caused by H. influenzae or N. meningitidis. 


Incorrect Answers: 


* Listeria monocytogenes - Post-exposure prophylaxis is not recommended in close contacts of 
patients with meningitis caused by organisms other than H. influenzae and N. meningitidis. 


* Staphylococcus aureus - Post-exposure prophylaxis is not recommended in close contacts of 
patients with meningitis caused by organisms other than H. influenzae and N. meningitidis. 


* Streptococcus pneumoniae - Post-exposure prophylaxis is not recommended in close contacts of 
patients with meningitis caused by organisms other than H. influenzae and N. meningitidis. 


TAKEAWAY/KEY POINTS: 


Post-exposure prophylaxis is recommended in close contacts of patients with meningitis caused by H. 
influenzae or N. meningitidis. Close contacts are usually defined as household members, persons in the 
same daycare, dormitory, or military unit, or individuals directly exposed to the patient's oral secretions 
within 7 days of symptom onset. 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84. 


[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 


[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Haemophilus influenzae 


Which of the following statements is NOT true regarding the role of corticosteroids in bacterial meningitis? 


Select one: 
Benefit associated with corticosteroids is most pronounced in adults infected with S. pneumoniae X 
meningitis 
Adjunctive corticosteroids v 
shouldtbeshter after the first Rose Wang (ID:113212) this answer is correct. If 
JAS antibiotics corticosteroids are given, they should be initiated either 


before or with the first dose of antibiotics. 


Corticosteroids can reduce cerebral edema and intracranial pressure * 


Adjunctive corticosteroids can reduce meningeal inflammation and neurological sequelae * 


Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the treatment of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours, The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache, Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle, Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 10^6/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant $. pneumoniae. 


Adjunctive corticosteroids may improve outcomes by reducing reactive meningeal inflammation and 
neurological sequelae associated with antibiotic-induced bacterial lysis. However, there is conflicting 
evidence regarding the effects of systemic corticosteroids in neurological sequelae and mortality among 
patients with bacterial meningitis. Studies from high-income countries suggest that systemic corticosteroids 
decrease or trend toward decreased mortality and neurological complications (e.g. hearing loss, disability). 
This same benefit was not seen in resource-poor countries. The benefit associated with adjunctive 
corticosteroids appears to be most pronounced in adult patients with S. pneumoniae meningitis. If 
corticosteroids are given, they should be initiated either before or with the first dose of antibiotics. The 
recommended regimen is dexamethasone 0.15 mg/kg (max of 10 mg) IV q6h for 2 - 4 days. 


RATIONALE: 


Correct Answer: 


e Adjunctive corticosteroids should be given after the first dose of antil s - If corticosteroids 
are given, they should be initiated either before or with the first dose of antibiotics. 


Incorrect Answers: 


* Benefit associated with corticosteroids is most pronounced in adults infected with S. 
pneumoniae meningitis - The degree of reduction of neurological sequelae associated with 
adjunctive corticosteroids appears to be most pronounced in patients with S. pneumoniae 
meningitis. 


Corticosteroids can reduce cerebral edema and intracranial pressure - Corticosteroids can 
reduce cerebral edema and intracranial pressure. 


Adjunctive corticosteroids can reduce meningeal inflammation and neurological sequelae - 
Adjunctive corticosteroids may improve outcomes by reducing reactive meningeal inflammation and 
neurological sequelae associated with antibiotic-induced bacterial lysis. However, there is conflicting 
evidence regarding the effects of systemic corticosteroids in neurological sequelae and mortality 
amona patients with bacterial meninaitis. 
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TAKEAWAY/KEY POINTS: 


Adjunctive corticosteroids may improve outcomes by reducing reactive meningeal inflammation and 
neurological sequelae associated with antibiotic-induced bacterial lysis. The benefit associated with 
adjunctive corticosteroids appears to be most pronounced in patients with S. pneumoniae meningitis. The 
recommended regimen is dexamethasone 0.15 mg/kg (max of 10 mg) IV q6h initiated either before or with 
the first dose of antibiotics for a total of 2 - 4 days. 
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Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 
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The correct answer is: Adjunctive corticosteroids should be given after the first dose of antil 


jotics 


THE NEXT 2 QUESTIONS INCLUSIVE REFER TO THE FOLLOWING CASE: 


A 21 year old female living in a university residence is brought to the emergency room due to 
sudden confusion and decreased mental status over the past 4 hours. In the past 24 hours, she has 
been complaining of a headache and neck stiffness. She is otherwise healthy. Temperature is 39.5 
degrees Celsius and heart rate is 134 bpm. Cerebrospinal fluid (CSF) obtained via lumbar puncture is 
cloudy. CSF analysis shows elevated white blood cells (WBC) and glucose. A diagnosis of bacterial 


What is the most appropriate empiric antibiotic regimen to initiate? 


Select one: 


Vancomycin X 


Ceftriaxone v 
P 
vancomycin 


Rose Wang (ID:113212) this answer is correct. This is an appropriate empiric 

regimen as ceftriaxone provides coverage for N. meningitis, H. influenzae, and 
some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic 
regimen due to potential for penicillin-resistant S. pneumoniae. 


Ceftriaxone + vancomycin + ampicillin ® 


Ceftriaxone + ampicillin X 


Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the treatment of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 


and severe headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered 
pes 
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poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle. Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 106/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic regimen due 
to potential for penicillin-resistant S. pneumoniae. 


RATIONALE: 
Correct Answer: 
* Ceftriaxone + vancomycin - This is an appropriate empiric regimen as ceftriaxone provides 


coverage for N. meningitis, H. influenzae, and some strains of $. pneumoniae. Vancomycin is included 
in the initial antibiotic regimen due to potential for penicillin-resistant S. pneumoniae. 


Incorrect Answers: 


* Vancomycin - Vancomycin is included in the initial antibiotic regimen due to potential for penicillin- 
resistant S. pneumoniae. However, vancomycin monotherapy is not appropriate because vancomycin 
does not have activity against N. meningitis or H. influenzae. 


Ceftriaxone + vancomycin + ampicillin - Ampicillin would only be added to the empiric regimen if 
coverage for L. monocytogenes was required. This patient does not have any factors that would 
increase risk of L. monocytogenes infection. 


Ceftriaxone + ampicillin - Ampicillin would only be added to the empiric regimen if coverage for L. 
monocytogenes was required, This patient does not have any factors that would increase risk of L. 
monocytogenes infection. Vancomycin should be included in the initial antibiotic regimen due to 
potential for penicillin-resistant S. pneumoniae. 


TAKEAWAY/KEY POINTS: 


In adults with no underlying health conditions, the empiric antibiotic regimen should consist of ceftriaxone 
or cefotaxime in combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. 
meningitis, H. influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic 
regimen due to potential for penicillin-resistant S. pneumoniae. 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84. 


[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 


[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Ceftriaxone + vancomycin 


If the cerebrospinal fluid (CSF) gram stain comes back positive for gram-negative diplococci, which 
organism is most likely to be causing meningitis? 


Select one: 


Neisseria 42 

meningitidis Rose Wang (ID:113212) this answer is correct. Common organisms in adults with 
no underlying health conditions include Neisseria meningitidis, Streptococcus 

pneumoniae, Haemophilus influenzae, and Escherichia coli. Out of these 


‘organisms, the only gram-negative diplococcus is N. meningitidis. 


Streptococcus pneumoniae % 
Haemophilus influenzae * 


Listeria monocytogenes % 


| Correct] 
Marks for this submission: 1.00/1.00. 
TOPIC: Meningitis 


LEARNING OBJECTIVE: 
To understand the pathophysiology and diagnosis of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours. The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache, Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle, Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include elevated CSF white blood cell (WBC) count (usually >100 x 10*6/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients 
over 2 months of age), and normal or elevated CSF protein. In some cases, neuroimaging with computed 
tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done before an LP for 
patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality, The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. 


RATIONALE: 
Correct Answer: 
* Neisseria meningitidis - Common organisms in adults with no underlying health conditions include 


Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, and Escherichia coli. Out 
of these organisms, the only gram-negative diplococcus is N. meningitidis. 


Incorrect Answers: 


© Streptococcus pneumoniae - Common organisms in adults with no underlying health conditions 
include Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, and Escherichia 
coli. S. pneumoniae is not a gram-negative diplococcus. 


Haemophilus influenzae - Common organisms in adults with no underlying health conditions 
include Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, and Escherichia 
coli. H. influenzae is not a gram-negative diplococcus. 


Listeria monocytogenes - Listeria monocytogenes is not a common causative pathogen of 
meningitis in adults with no underlying health conditions and is also not a gram-negative 
diplococcus. 


TAKEAWAY/KEY POINTS: 


Common organisms in adults with no underlying health conditions include Neisseria meningitidis, 
Streptococcus pneumoniae, Haemophilus influenzae, and Escherichia coli. N. meningiditis can be easily 
distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. 
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The correct answer is: Neisseria meningitidis 


Cerebrospinal fluid (CSF) findings consistent with bacterial meningitis include all of the following EXCEPT: 


Select one: 
Elevated CSF white blood cell (WBC) count * 
Reduced CSF glucose % 
Normal or elevated CSF protein * 
Clear w 
CSF Rose Wang (ID:113212) this answer is correct, CSF findings consistent with bacterial 
meningitis include cloudy or turbid CSF, elevated CSF white blood cell (WBC) count 
(usually > 100 x 10°6/L) with a predominance of neutrophils, reduced CSF glucose (CSF- 
serum ratio <0.6 for infants and <0.4 for patients over 2 months of age), and normal or 
elevated CSF protein. 
Correct 
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TOPIC: Meningitis 


LEARNING OBJECTIVE: 


To understand the management of meningitis. 


BACKGROUND: 


Meningitis is a potentially fatal neurological emergency that involves mild to severe inflammation of the 
meningeal layers surrounding the central nervous system (CNS). It is the most common type of CNS 
infection and is generally a disease of the very young (e.g. age <4) and very old. The pathophysiology of 
bacterial meningitis involves bacterial invasion of the host and CNS through colonization of mucosal 
surfaces, bacterial multiplication with subsequent inflammation of the CNS, physiologic alterations due to 
progressive inflammation, and resulting neuronal damage. As the meninges become inflamed, the 
constituency of the cerebrospinal fluid (CSF) changes, and these abnormalities can be used diagnostically 
as markers of CNS infection. 


The most common causative pathogens that are involved in bacterial meningitis are the same pathogens 
that colonize the mucosal surface of the respiratory tract (i.e. Streptococcus pneumoniae, Neisseria 
meningitidis, Haemophilus influenzae). In adults with no underlying health conditions, these 3 organisms are 
the most common organisms that can cause meningitis, along with Escherichia coli. N. meningiditis can be 
easily distinguished from other organisms on gram stain as it is the only gram-negative diplococcus that 
commonly causes meningitis. Meningitis due to Listeria monocytogenes is more common in elderly patients, 
patients with alcohol use disorder, immunocompromised patients, and pregnant patients. Group B 
streptococcus (also known as Streptococcus agalactiae) and Escherichia coli are the most common causes of 
bacterial meningitis in infants <1 month of age. Staphylococcus epidermidis and Staphylococcus aureus are 
the most common pathogens that cause meningitis associated with ventriculoperitoneal (VP) shunts. 


The signs and symptoms associated with bacterial meningitis are usually acute in onset, evolving over the 
course of a few hours, The clinical diagnosis of meningitis is non-specific and difficult to distinguish from 
other infections. The most common symptoms of meningitis include the triad of fever, stiff neck, and 
altered mental status. Other classic signs and symptoms include chills, vomiting, back pain, photophobia, 
and severe headache. Neurological symptoms include the inability to walk, seizures, disorientation, altered 
level of consciousness, and positive Kernig and Brudzinski signs. In infants and neonates, irritability and 
poor feeding may be reported along with fever. In elderly patients, signs and symptoms may be absent or 
more subtle, Purpuric and petechial skin lesions are suggestive of meningococcal meningitis, but may also 
be seen with S. pneumoniae. Prompt recognition and early institution of therapy are essential for ensuring 
beneficial outcomes. 


Performing a lumbar puncture (LP) to examine the CSF is the gold standard for establishing the diagnosis of 
bacterial meningitis. It is also crucial for identifying the causative pathogen and performing antimicrobial 
susceptibility testing. Prior to initiating antibiotic therapy, two sets of blood cultures should be obtained 
from all patients. Approximately 50 - 90% of patients with bacterial meningitis have positive blood cultures 
and may be useful in case CSF cannot be obtained prior to starting antibiotics. CSF findings consistent with 
bacterial meningitis include cloudy or turbid CSF, elevated CSF white blood cell (WBC) count (usually > 100 
x 1046/L) with a predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and 
<0.4 for patients over 2 months of age), and normal or elevated CSF protein, In some cases, neuroimaging 
with computed tomography (CT) scan or magnetic resonance imaging (MRI) of the head should be done 
before an LP for patients with clinical signs that suggest cerebral herniation syndromes or shifting of brain 
compartments. 


For patients with suspected bacterial meningitis, antibiotics should be administered as soon as possible, but 
after both blood and CSF samples have been obtained for culture. Early treatment of bacterial meningitis is 
associated with lower rates of mortality. The empiric antibiotic regimen depends on the likely pathogen, 
local patterns of antibiotic resistance, and the CSF penetration of the drug. In adults with no underlying 
health conditions, the empiric antibiotic regimen should consist of ceftriaxone or cefotaxime in 
combination with vancomycin. A 3rd-generation cephalosporin provides coverage for N. meningitidis, H. 
influenzae, and some strains of S. pneumoniae. Vancomycin is included in the initial antibiotic reaimen due 
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to potential for penicillin-resistant $. pneumoniae. 

Post-exposure prophylaxis is recommended in close contacts of patients with meningitis caused by H. 
influenzae or N. meningitidis. Close contacts are usually defined as household members, persons in the 
same daycare, dormitory, or military unit, or individuals directly exposed to the patient's oral secretions 
within 7 days of symptom onset. Prophylaxis should be started within 24 hours of identification of the index 
care. Chemoprophylaxis administered more than 14 days after exposure to the index case is probably of 
limited or no value and is not recommended. Rifampin is recommended for post-exposure prophylaxis in 
adult close contacts of patients with meningitis caused by H. influenzae or N. meningitidis. However, in 
pregnant patients, ceftriaxone is the drug of choice as rifampin has been shown to be teratogenic in 
laboratory animals. No chemoprophylaxis is required in close contacts of patients with meningitis caused 
by other organisms (e.g. Streptococcus pneumoniae). 


RATIONALE: 
Correct Answer: 


© Clear CSF - CSF findings consistent with bacterial meningitis include cloudy or turbid CSF, elevated 
CSF white blood cell (WBC) count (usually > 100 x 1046/L) with a predominance of neutrophils, 
reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients over 2 months of age), 
and normal or elevated CSF protein. 


Incorrect Answers: 


+ Elevated CSF white blood cell (WBC) count - CSF findings consistent with bacterial meningitis 
include cloudy or turbid CSF, elevated CSF white blood cell (WBC) count (usually > 100 x 1046/L) 
with a predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 
for patients over 2 months of age), and normal or elevated CSF protein. 


Reduced CSF glucose - CSF findings consistent with bacterial meningitis include cloudy or turbid 
CSF, elevated CSF white blood cell (WBC) count (usually >100 x 10%6/L) with a predominance of 
neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for patients over 2 
months of age), and normal or elevated CSF protein. 


Normal or elevated CSF protein - CSF findings consistent with bacterial meningitis include cloudy 
or turbid CSF, elevated CSF white blood cell (WBC) count (usually >100 x 1046/L) with a 
predominance of neutrophils, reduced CSF glucose (CSF-serum ratio <0.6 for infants and <0.4 for 
patients over 2 months of age), and normal or elevated CSF protein. 


TAKEAWAY/KEY POINTS: 


CSF findings consistent with bacterial meningitis include cloudy or turbid CSF, elevated CSF white blood cell 
(WBC) count (usually >100 x 106/L) with a predominance of neutrophils, reduced CSF glucose (CSF-serum 
ratio <0.6 for infants and <0.4 for patients over 2 months of age), and normal or elevated CSF protein. 


REFERENCE: 


[1] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bacterial meningitis. 
Clin Infect Dis. 2004;39(9):1267-84. 

[2] Elshaboury RH, Ahiskali AS, Holt JS, Rotschafer JC. Central Nervous System Infections. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10e 
New York, NY: McGraw-Hill. 

[3] Tunkel AR. Clinical features and diagnosis of acute bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 

[4] Tunkel AR. Initial therapy and prognosis of bacterial meningitis in adults. In: Calderwood SB, ed. 
UpToDate. Waltham, MA.: UpToDate; 2019. 


The correct answer is: Clear CSF 


